The aim of the paper is to report the results of a migration to Open
INTRODUCTION
Open Source Software and Open Data Standards emerged in recent years as a viable alternative to proprietary solutions. There are many cases in which the adoption of OSS has proven as advantageous for companies deciding to adopt it in replacement or in conjunction with closed solutions. The limitation of these migrations for our point of view is that they were very often server-side oriented and not supported by empirical evidence of the benefits of the new solution. In this sense, there are very few case studies that report successful transitions on the desktop side (ZDNet, 2005) and some are still underway (Landeshauptstadt München, 2003; Stadt Wien, 2004) .
It is our opinion that the reason of the apparent different results in the two fields is due to the nature of OSS development (Feller & Fitzgerald, 2001 ) that leads a repercussion on the resulting usability (Nichols & Twidale, 2003) .
When comparing OSS and proprietary software and when comparing software solutions in general, it is impossible to get a global index referring to quality in order to compare two solutions (Fenton & Pfleeger, 1997 ).
If we consider the most important aspects under which it is significant to analyse software, as: The categories have to be balanced with the requirements of the environment and users in which the solution is deployed. Where the aspects of security, reliability, and extendibility are of key importance, OSS has proven as a valid solution, if not even superior to proprietary solutions. Where functionalities, usability and in general user interaction acquires importance as on the client side,
OSS has yet to prove as a valid alternative. Price is a controversial issue as there is the need not only to evaluate the license price but also the software maintenance and other costs inherited from the migration. These considerations originated the study we are proposing.
The purpose of the study is to evaluate in a rigorous way the introduction of OSS in a working environment, following the criteria of a controlled experiment from the selection of the sample to the evaluation of the results. We selected a sample of 22 users from different offices in the Public Administration target of the experiment. We divided the sample in two groups, one to be migrated, the other one to be used as a control group. The results obtained seem to report that the initial reduction of productivity is not as consistent as we thought, also taking into account that half of the users considered the introduced solution as offering less functionality than the proprietary one.
STATE OF THE ART
There are many studies available evaluating the Total Cost of Ownership (TCO) of OSS. The original model derived from the work of the Gartner Group in 1987 and has since then been inserted in different models. The TCO model helps managers by considering not only the cost of purchase but also further costs as maintenance or training.
All the studies are not unanimous as the savings that can be reached with the adoption of OSS (Robert Frances Group, 2002; The Yankee Group, 2005) . One of the reasons is probably the different weight given to costs and benefits that are difficult to measure. Two of such measures are for example the risks of lock-ins and the development of local economies. The risks of entering a mechanism of lock-in, for example by relying only on a single software supplier or storing massive amounts of data by means of closed data standards are real and must be considered in a TCO model evaluating a transition (Shapiro & Varian, 1999 ) . On the other side, the adoption of OSS can be of benefit to local software companies that can exploit the possibility given by the available source code and open data standards. Also in this case, the amount of this kind of externality is difficult to quantify.
Considering OSS, there are many projects worth mentioning, we will name here two of the most famous and see how they perform on the market against proprietary solutions: These are surely two of the most popular OSS that emerged during the last few years; there are many more that can compete with proprietary solutions. By looking at these and other examples, we can conclude that OSS already could represent an important alternative to proprietary software.
Another important consideration on OSS is represented by the cases in which a large migration has been performed or is in the process of being performed. Having a look at the different case studies available for the migration to OSS, we summarise the most famous during these years in Table 3 , three are European, while one is US-based. 
Region

THE STUDY
Our study has been inserted into this framework; the intention is to contribute to the field with a solid and sound analysis of a real transition to OSS on the client side, specifically the analysis of a migration in the office automation field in one Public Administration.
In particular the study related the introduction of the OpenOffice.org 4 suite. The suite offers comparable functions as the one offered by Microsoft Office 5 . It is composed of several applications, a text-processor, a spreadsheet, software for presentations, for drawing operations and for the creation of formulae. The only functionality missing in the version installed was the possibility to create small local databases. In the organisation where we performed the study, this was a feature rarely employed by users and, in general, deprecated by IT managers. We focused our analysis mainly on word-processors and spreadsheets.
The experiment was performed on 22 users of a Public Administration during the transition to OSS.
In the following sections we expose the methodology adopted, the tools employed, and the main results obtained from the qualitative and quantitative data collected. The limitations and possible future additional work is listed at the end of the paper. The overall sample of 22 users has been selected from three departments of the PA under exam. Some constraints had to be followed, for example the fact that the head of the different offices posed a limitation on the number of the available workers per office. Table 4 represents the different groups, with two office directors per each group as part of the sample. The average age of participants to both groups was uniform between groups and has not influenced the results; users were selected from such departments in a random way with the limitations described above. Regarding the protocol, the selection of the experimental groups has been done in a way to enable that the participants were, when possible, in some way in relation one with each other, physically near and if possible coming from the same organisational units, to take advantage of possible network externalities that arise in terms of document exchange, and reciprocal help (Shapiro & Varian, 1999 One group experimented the introduction of OpenOffice.org (our treatment X, in Figure 1 ), while the other group was used as a control group. The experimental design followed an experimental pretest-post-test control group design (Campbell & Stanley, 1990) .
A questionnaire has been submitted to both groups before (O 1 ) and after (O 2 ) the introduction of
OpenOffice.org to evaluate the effects of the experimentation on the attitude towards OSS. The activities of both groups have been constantly monitored by an automatic system for data collection (Sillitti, Janes, Succi & Vernazza, 2003) that permitted to gather a series of objective process data (the series of observations O3,i).
:
Figure 1 -experimental design adopted.
In some other cases where there has not been the possibility to have a control group and a proper randomisation of the sample, a "quasi experimental" and a "one-shot" design have been employed (Campbell & Stanley, 1990) . We are aware that in this way the results obtained are less extendible to the general case and more subject to exogenous effects.
Time evolution of the experiment
The experiment lasted for 32 weeks, in which during the first 10 only Microsoft Office was monitored and the different system dependencies were collected. OpenOffice.org was introduced in group 2 after week 10 and during the 23 rd week of experimentation OpenOffice.org has been associated with Microsoft Office formats .doc and .xls. The results of the choice will be exposed in the subsequent sections. Figure 2 shows a graphical representation of the evolution of the experimentation. In detail, the steps performed during the experimentation were the following: 
Software employed
The tools used during the experimentation were useful to assess the evolution of the experiment and in particular to gather quantitative and objective data about the migration process. In particular, two applications were employed for the ex-ante analysis and one was continuously employed during the transition to monitor the usage of the proposed solutions.
-PROM (PRO Metrics), a non-invasive monitoring tool, to evaluate the usage of OpenOffice.org
and Microsoft Office during all the transition process (Sillitti, Janes, Succi & Vernazza, 2003) .
Metrics of interest were the number of documents handled and time spent per single document.
The software has been running during all weeks of the experimentation, permitting to acquire objective data on the experimentation.
-DepA (Dependency Analyser) has been employed to evaluate at the beginning of the project the existing dependencies of Microsoft Office in terms of called and calling programs (Rossi & Succi, 2004 ). The program is a simple agent running on workstations to determine the calls from different applications, collecting in this way information on the different interrelations between applications. The program has been running on client desktops for the first ten weeks.
-FLEA (FiLe Extension Analyzer) has been used to perform a scan of the data standards available on the users' drives and analyse the eventual presence of macros. The software permits to collect information on the type of extension, date of creation, date of last access, size of the file, and for particular extensions also information about the macros contained. The scan was performed at the beginning of the experimentation.
All the tools deployed are not non-invasive in order not to bias the results. From the final questionnaires emerged that users did not notice the presence of any external software during the experimentation.
DATA ANALYSIS
In this section we report the results of the data collection activities. In particular we can distinguish the data collection across a temporal boundary (ex-ante, during, and ex-post) and between qualitative and quantitative data. Table 5 provides a clearer classification of the data collected. It is a quick summarisation of the type of data gathered during the project. Between brackets the software used for the activity is specified. The biggest effort during the project has been to monitor constantly the users during the experimentation. To gather objective data on the migration, we used the PROM software. Data collected included the time spent on documents and the number of documents opened using the selected office automation suite. A more fine-grained analysis on the function utilised has not been performed. During every phase of the project, the quantitative data collected has been backed with qualitative data coming from interviews and questionnaires. As a side effect, we noticed that the periodic meetings performed with users caused a small increase in the usage of the open source solution during the immediately subsequent days.
Ex-ante
We will briefly review all the data collected, starting from the analysis of the existing situation, performed at the beginning of the experimentation.
Ex-ante Analysis
The aspects we analysed for an overview of the existing situation were concerned with the presence of interoperability issues in the users' environment and the presence of possible dependencies in the form of macros inside office automation documents. Macros are a series of commands inserted in the form of code inside documents, to perform a series of repetitive actions. They are generally very common in office automation documents, to permit the automation of repetitive tasks. As the usage in OpenOffice.org of macros written for Microsoft Office is not possible -at least at the time the experimentation was carried on -this is is an interoperability issue. Macros needs in this way to be completely rewritten.
The number of templates in the pre-existing format represents another interoperability issue. Our software for data collection granted us the possibility to evaluate the number of this type of documents, but not the complexity, another factor to take into account when there is the need to migrate a document. The collection of such data has to be crossed with interviews with the IT personal to evaluate the real relevance of the macros discovered and the real necessity of the conversion of templates.
The first step for performing the initial analysis of the experimentation environment was the one related to the presence of macros inside documents and the distribution of the documents. Another important issue was to find the number of templates available. This analysis has been performed statically at the beginning of the project. In the evaluation of macros impact, Microsoft Word and Microsoft Excel documents of the participants to the project were considered. Two different locations were considered:
-Users' drives -Network drives
In the last location, both normal documents and templates were considered. The second step has been the identification of the software dependencies that existed in the office automation environment. A dependency is either a call to an external application (outgoing call) or a call from an external application to the office automation suite (incoming call).
As the dynamic evaluation of the calls, two different typologies have been considered:
In this category we discovered that 80% of the times Microsoft Word was called from explorer.exe which means a normal start from its icon or a file on the file manager.
Furthermore, 12% of the times it was called from the e-mail client Outlook. Microsoft Excel was called 95% of the times by explorer.exe and 4% of the times from Outlook (for a total of 99% of the calls). Further interviews with IT managers confirmed the situation outlined by data collection tools.
Globally, the system environment of the experimentation was less turbulent than we had thought initially. Templates, macros, and dependencies collected were not so critical to increase significantly the migration costs.
Ongoing experiment analysis
The experimentation has been monitored constantly by PROM software. Figure 5 shows two different measures of productivity, the percentage of documents opened by using OpenOffice.org and the percentage of time spent within the OpenOffice.org suite. As an example, a percentage of 5% means that users spent in that week 95% of the time using Microsoft Office. Only these two suites were monitored, so the time spent is complementary.
From the data collected, we can notice, in particular, two effects: -As expected, the level of adoption of the new software has been increased by the decision to associate the Microsoft Office file formats with OpenOffice.org. We expected to have complaints and reports of incompatibilities deriving from this decision. What happened was instead that users learned when it was convenient for compatibility reasons to adopt one solution or the other. On the X-axis there is the week of the project -OpenOffice.org has been inserted during week 10 and the automatic association has been activated during week 23. In blue the percentage of opened files using OpenOffice.org is represented and in orange the percentage of average time devoted to OpenOffice.org among users that effectively used OpenOffice.org.
-Even after 32 weeks of experimentation, the time spent with OpenOffice.org was below 25% of the total time dedicated to the two suites for office automation. Also to note is the fact that the time and documents of Figure 5 are inclusive of the Microsoft Office documents opened with OpenOffice.org.
It is noteworthy that, during the experimentation, we did not benefit fully from the network effect that can be raised by the growing number of documents in one format and the subsequent exchange between users (Shapiro & Varian, 1999) . In a broader migration such effects can also have an impact increasing the usage of the new platform proposed. In our experimentation users where in some way constrained in the adoption of the new format, as they could not exchange the documents with the users not participating to the experimentation.
We also posed two questions to evaluate the impact on productivity, according to the GQM methodology.
a) The usage of OpenOffice.org caused a reduction in the number of documents used per day?
We studied the correlation between the number of documents used each day and number of documents opened with OpenOffice.org. A negative effect on the usage of OpenOffice.org had to produce a negative impact on the usage of the office automation documents and a significant negative correlation between these two variables, that is the more documents are handled with
OpenOffice.org, the less are globally handled;
The correlation in question has been of -0,08, therefore we exclude that the usage of OpenOffice.org has reduced the number of documents handled daily.
b) The usage of OpenOffice.org caused an increase in the time devoted to each document? We studied the correlation between the time spent managing all the documents and OpenOffice.org ones. A negative effect on the usage of OpenOffice.org has to create a significant positive correlation; that is it should be evident that the more time is spent with OpenOffice.org, the more time is spent globally managing documents, as OpenOffice.org required more time to accomplish the same tasks. This correlation has been determined in -0,04, therefore it has to be excluded that the usage of OpenOffice.org has increased the global effort to handle documents.
The comparison with the control group confirmed furthermore that the evolution of the usage of documents among the test group and the control group has been consistent, excluding in this way the presence of exogenous factors.
Ex-post analysis
At the end of the experimentation, the evaluation of the attitude towards OSS and in general the evaluation of the project has been performed. We submitted one questionnaire to users in order to evaluate their attitude towards OSS and the knowledge that was acquired after the transition. We submitted also the same questionnaire to the control group to ensure that no exogenous effects biased the results. The questionnaire was designated to answer to the following two questions:
-What is the user perception of OSS at the end of the experiment?
-Has the user modified his perception of OSS at the end of the experiment?
All figures of this section represent the ex-ante situation on the left and the ex-post situation on the right. In this way it should be easier to evaluate the change of users' attitude.
The first question that has been submitted was whether the Open Source concept has become more familiar after the experimentation. The result in this case is quite obvious; at the end the users had a clearer idea of the concept of OSS. It may be surprising the initial number of users stating to know OSS, but this is due to the pre-project meetings with IT managers explaining the reasons of the experimentation. The second question enters the hearth of the matter, questioning about the perception of OSS. In this case an interesting phenomenon has been discovered. At the beginning one group had no opinion on OSS (almost half of the interviewed). At the end of the experiment, almost all users have an opinion: those that were positive maintained the same opinion and the uncertain were divided in three groups almost of the same size, those with a positive opinion, those with a negative one, and those that had no opinion. Nevertheless, at the end of the experiment only a small part of the participants had a negative opinion on OSS. The third question focuses on the importance of the diffusion of the software in use. In this answer
we have a strong movement towards a bigger knowledge, for example the category "very important" has gone from 0 to almost 40%. The experimentation in the usage of OpenOffice.org has strongly increased the consciousness of the participants on the importance the usage of well established software. The fifth and sixth questions present a slightly different nature. The aim is to find whether the experimentation changed the perception on the requirements of the software to be adopted and used.
Question five focuses on the factors to consider when a new product is adopted and question six discusses the more important aspects of an efficient usage. In both cases the role of the training and support is evidenced as important, while other aspects as security, privacy and availability of source code are considered less important. We can conclude that the effect of the OpenOffice.org introduction has increased the perception of the importance of the training. From one side, this can be obvious: the introduction of a new instrument requires always a training period, especially if it partially substitutes an old one. We must also point out that all the interviewed people had already performed their training with the office automation tools some time before, therefore such perception should already be present. It can be concluded that OSS has additionally stimulated the curiosity of participants, to the point to ask more questions about the tools used; such approach, if confirmed, can go in favour of people who claim that the adoption of OSS brings to a more "shared" knowledge.
Position
Before the experiment After the experiment The last question proposed before and after the experimentation is a sort of summary and deals with the motivations that the user would have to use OSS. It is interesting to note that near OSS supporters a new group emerged also absorbing neutral users towards a more negative opinion. Some questions about the overall evolution of the migration have been submitted to users at the end of the project. Two questions are interesting for our evaluation of the migration. Both related to the functionalities of OpenOffice.org and the possible full migration to the new solution proposed. We must point out that the experimentation has been performed with version 1.1.3 of OpenOffice.org; the latest release would, probably, obtain better results.
Question eleven faces the problem of the choice between the two proposed solutions in a general way. It asks whether the functionalities offered by the two suites are equivalent. Some users answer that Microsoft Office offers more functionalities than OpenOffice.org 1.1.3. In some way, the surprise may be that half of the users considered the set of functionalities offered as equivalent.
Question twelve contextualizes the problem. It tries to evaluate the impact of a possible substitution of Microsoft Office with OpenOffice.org. In this case almost all the participants to the test considered the migration as possible, even though the majority sustained later that this operation requires some effort and is not only a simple substitution.
A final evaluation of the experimentation has been performed on the number of files generated by the users adopting the new data standard supplied by OpenOffice.org. Table 7 contains a summary For technical reasons FLEA could not be employed in this type of scan to give us more fine-grained data.
LIMITATIONS
This study represents the results of a single experience and such results cannot be systematically generalised, as the essential comparative aspect is missing. As already mentioned, the PA under exam has imposed some constraints on the selection of the sample. The office automation field, in particular, may not be fully comparable to other desktop environments where open source solutions are not as strong as OpenOffice.org. Furthermore, this study does not focus on a complete substitution of the old solution, rather on the evaluation of the coexistence of both solutions. A further step might be the evaluation of the effects deriving from a complete migration.
CONCLUSIONS
The migration to OSS described in this paper has to be taken with care before generalising the results to other similar cases. In particular the migration has been restricted to the OpenOffice.org platform and to the PA field. The migration approach has been the more gradual as possible, maintaining the proprietary solution in parallel with the new one.
The results obtained from the experimentation have been encouraging for the introduction of OSS on the desktop-side. Data collected during the experimentation shows that the usage of the new platform increased during the whole period, reaching at the end 25% of the total office automation tasks. Proprietary software remained the preferred solution for users. The impact on productivity has been minimal also due to the similarities of the software considered. Users acquired a better understanding of OSS after the experimentation and tended to have, in general, a positive vision of the whole movement. Software used has been considered adequate for the transition, although the lack of functionalities emerged from the opinions of the users. More recent releases of OpenOffice.org should solve these problems.
